Abstract. At the future FAIR project in Darmstadt/Germany [1] low energy antiprotons will be available at FLAIR, the Facility for Low energy Antiproton and Ion Research. Within the FLAIR LoI [2] it is proposed to study the production of strangeness S = −2 baryonic states based on ideas proposed for LEAR [3] .
INTRODUCTION
Studies of baryon-baryon systems are a basic tool for investigations of the strong interaction. Limited to the light quarks (u,d,s) the baryons are grouped within SU (3) multipletts where the lowest mass states build the octett of 1/2 + baryons shown in fig. 1 . The coupling strengths between the different baryons are related by the corresponding ClebschGordon coefficients if SU (3) symmetry holds which is generally applied in hyperonnucleon potential models. The experimental determination of the baryon-baryon interaction within the baryon octett will allow to develop improved hyperon-nucleon potentials and to proof the degree of SU (3) symmetry which is of general importance for questions concerning the mechanism of symmetry violation.
For the NN-system an extended data base exists due to the stability of protons and neutrons which allows to prepare proton and neutron (by use of deuterons) beams and targets for NN scattering experiments. Hyperons are unstable with decay lengths cτ of up to a few cm which complicates drastically conventional scattering experiments. A hyperon target is impossible and a hyperon beam is only available as secondary beam resulting from production reactions which is connected to much smaller beam intensities compared to NN scattering experiments. Nevertheless there are some elastic scattering cross section data available in the ΛN [4] , [5] , [6] , [7] , [8] , [9] and the ΣN channel [9] , see fig. 2 . The majority of the data were taken with Λ hyperons. To extract the scattering length which is related to the Y N potential the data have to be extrapolated to zero energy where data are missing. By reducing the primary Λ energy (velocity) the decay length goes down which makes secondary scattering experiments more difficult.
Another approach to get low energy scattering data are hyperon productions in multi particle exit channels like pp → pK + Λ. With a kinematical complete event reconstruction event samples with low ΛN relative momenta can be selected from which the scattering length can be extracted. Such type of studies have been successfully performed for the pΛ system in K − d → π − pΛ [10] and pp → pK + Λ [11] .
In the S = −2 sector tha data situation is even worse. Practically no data are existing concerning the ΞN scattering. The available data are limited to the search for the H dibaryon, a (uuddss) quark configuration which was first predicted by Jaffee [12] to result in a bound state below the ΛΛ threshold. The search for the H particle was conducted in various reaction channels without any confirmation of such a state. Overviews of this field can be found e.g. in ref. [13] , [14] . The cascade hyperons Ξ are normally used as entrance into B = 2 systems with S = −2. Slow Ξ particles can go into interact-ing ΞN systems which can couple to YY systems. These ΞN might also connect directly to the H particle or might be relevant in double Λ hyper-nuclei, if produced in a larger nucleus. The most common way of Ξ production is a double strangeness exchange reaction (s,s) where a K − secondary beam induces a reaction like K − p → Ξ − K + With a 2 GeV /c kaon beam momentum Ξ hyperons with momenta above 500 MeV /c result which are used as secondary 'beam' to induce ΞN reactions.
The facility for low energy antiproton and ion research (FLAIR) at the new FAIR project in Darmstadt will deliver low energy phase space cooled antiproton DC beams which will allow Ξ production in recoil-free kinematics. This production scheme via stopped antiproton annihilation was already proposed to be studied at LEAR [3] but could not be realized before its closing.
Production of S = −2 baryonic states via antiproton annihilation
It is proposed to produce S = −2 systems via the ∆S = 2 exchange reaction (K * , K) [3] . TheK * is produced in thep annihilation reactionspN →K * K * andpN →K * K with branching ratios BR [15] , [16] ,K * momenta PK * (for the nominal K * mass of 892 MeV [17] ) and decay lengths λ of:
The decay lengths λ correspond to the momentum frompp annihilation and the decay width of ∼ 50 MeV . Due to the small decay length both, K * production and the double strangeness exchange reaction have to take place in the same nucleus. The exchange reactions can proceed via:
That reaction is expected to be a very efficient source of Ξ production. The first step in these studies would be the measurement of the branching ratio for the Ξ production per stoppedp annihilation in a deuteron target leading to the following two step processes: 1. step:pN →K * K ( * ) 2. step:K * N → ΞK giving the overall reaction :pd → ΞKK ( * ) , with the possible exit channels:
Concerning the kinematics of the second step, there is a 'magic'K * momentum at which the Ξ can be produced at rest in the laboratory system. This magic momentum only depends on the masses of the reaction particles and is given by:
Concerning e.g. the reaction K * − p → K + Ξ − a magic momentum is only possible if the K * mass is above 880 MeV /c 2 . In fig. 3 in the left part the magic K * momentum is plotted as a function of the K * mass. The dashed line indicates the K * mass with a width of 50 MeV which covers the region of the magic momentum.
The magic momenta match well with the momentum of theK * listed above and shown as a function of the K * mass in fig. 3 in the right part for thepp →K * K * reaction. The cross section of the (K * , K) reaction in the second step should be rather high since it is strongly exothermic and proceeds at low energies. In fact, it should be substantially higher than that of the endothermic reaction K − p → K + Ξ − , which reaches a maximum FIGURE 3. Magic K * momentum needed for a recoil-free Ξ production (left) and K * momentum resulting from thepp →K * K * annihilation channel (right) as a function of the K * mass.
cross section of about 180 µb at 1.6 GeV /c [18] corresponding to a branching ratio of 6 · 10 −3 .
For the study of ΞN interaction, ΛΛ (or YY ) production and possible H particle production the antiproton annihilation has to take place in a 3 He target. The above mentioned Ξ production reaction is now the entrance and we consider with an additional third reaction step: 1. step:pN →K * K ( * ) , 2. step:K * N → ΞK , 3. step: ΞN → ΞN, ΞN → YY or ΞN → H. The first two steps are the same as for the deuterium target. The second and third step might proceed already directly together as an off shell reaction. In fig. 4 the reaction chain is shown schematically with the three steps.
The probability P H of producing a (B = 2, S = 2) system in a ∆S = 2 (K * , K) reaction on two nucleons depends exponentially on the ratio of the recoil energy on the Ξ, E R = q 2 Ξ /2m Ξ , and the binding energy of the (B = 2, S = 2) system, E B : P H ∼ exp−E R /E B . This probability is almost 100% if the recoil energy is sufficiently small. Therefore small momentum transfers q Ξ are important and should enhance the chance for the creation of a (B = 2, S = 2) system. Compared to the K − and proton induced reactions [19] , [20] a much smaller momentum transfer is possible for this suggestedp induced process.
EXPERIMENTAL REALIZATION
In order to discuss the experimental setup a specific reaction channel is considered now. Well suited is the channelpd
K s π + with its three delayed decays. Both the trigger and the event reconstruction are particularly simple when using an apparatus which triggers on delayed decays and records charged FIGURE 4. Sketch of the reaction steps from antiproton anihilation in the first step with a K * generation to the recoil-free Ξ production in the second step and the interacting Ξ − N system in the third step.
particle tracks. The same is valid for the 3 He target resulting in (B = 2, S = 2) systems:
where the H decays e.g. into Σ − p. For the experimental apparatus to be considered it is important that normal associated strangeness production inKK or KY can lead to only two delayed decays. Those are frequent and have to be distinguished from the cases of ΞKK or YY KK or HKK production. A perfect signature for all S = −2 particle productions is the observation of at least three delayed decays in an event. An efficient and simple experimental and trigger setup can be envisaged using the multiplicity increase which occurs after the delayed decay of strange neutral particles sketched in fig. 5 . On the right side in fig. 5 an event is sketched to illustrate the requirements on the detection system. In the final state of the reaction chain 8 charged particles result.
The event identification is possible via the geometry of the particle tracks. From the charged pion tracks the decay vertices of the K 0 S can be reconstructed and with the known target vertex their tracks are determined. The Λ track is given from the vertices reconstructed from the (p, π − ) and (Ξ − , π − ) tracks. With this information all momentum directions of all particles are known and applying a mass hypothesis for the detected particles the event can be completely reconstructed if a high resolution tracking system and a well defined target vertex is used.
As target, a very small high pressure deuteron or 3 He gas cell will be used where the full stop distribution is in the gas. This requires a low emittance antiproton beam with an energy around 1 MeV which will be delivered by the FLAIR facility.
A clean trigger for this type of reaction channels is the high multiplicity of charged particles in the final state and the multiplicity increase. By measuring the number of
Ks π + reaction indicating the reaction chain with the three delayed decays and the resulting particle tracks to be detected.
charged particles close to the target which is only 2 in comparison to the multiplicity at a reasonable distance a very efficient trigger signal can be generated due to the delayed decays in this multi-strangeness production. The next step in the experimental programme will be the study of the Ξ − N, Y − Y or H-particle system. Here 3 He has to be used as target gas. The particle configuration is similarly, only an additional proton appears in the exit channel. Therefore the arguments given above for the pure Ξ production are the same. A further extension of the programme could be the production of double hypernuclei. With the technique of recoil-free kinematics the Ξ can also be produced and deposited in more extended nuclei. A high efficient production of double hypernuclei is expected with this method.
Detection system
The detector must deliver multiplicity signals and tracking information of the charged particles. In fig. 6 a sketch of the proposed setup is shown. The target is surrounded by a segmented scintillation detector. Here plastic scintillators readout by mirror foils or a cylinder out of scintillating fibres could be used. For charged tracks with a short decay length like the Ξ − in the reaction channel sketched in fig.6 , a vertex detecor very close to the target is necessary. Two layers of Si-microstrip detectors are forseen. The charged particle tracking will be done by straw tubes. Several layers of straw tubes in different orientations will allow a 3 dimensional track reconstruction. The detailed configuration has to be determined from Monte Carlo studies. The closure of the detection volume will be done by plastic scintillator hodoscopes, a barrel type combined with two endcaps. First simulation studies to check the performance of the proposed detector system have been started using GEANT 3 where the reaction:pd → Ξ − K 0 s K * + was generated. With a detector configuration sketched in fig. 6 about 90 % of the events produce a multiplicity increase of two or more which result in a sufficient background reduction at the main FIGURE 6. Sketch of the detection system with two scintillator layers to trigger on the multiplicity increase and a tracking system for the charged particles.
trigger level. The efficiency for the Ξ − detection in a Si-µ-strip detector would reach about 35 % for a quite conservative assumed distance of 1 cm from the target which guarantees the possibility of a sufficiently precise Ξ − track determination. The reaction particles with mean momenta around 200 -300 MeV /c traverse the straw detector and the multiple scattering within the expected detector material is low enough with a mean around 5 -10 mr that a reasonable track reconstruction is expected. More detailed MC studies with the final detector configuration will be performed to determine the event reconstruction efficiency.
SUMMARY
The low energy antiproton facility FLAIR will deliver phase space cooled antiproton beams with low emittance which can be stopped within a small target volume.
The annihilation of these stopped antiprotons will be a very efficient method to produce S = −2 systems via the double strangeness exchange reaction (K * , K). With a sizeable branching ratio the annihilation of antiprotons results in the production of aK * "beam" which interacts with another nucleon viaK * N → KΞ. The momenta of theK * are well matched for the production of slow Ξ particles which undergo efficient ΞN interactions. The three delayed decays in this reaction chain allows a very effective trigger and selection of the S = −2 production events and the event reconstruction via geometry of the particle tracks requires a relatively simple detection system.
The proposed studies will result in detailed information of S = −2 baryonic and possible dibaryonic states.
